The thermal conductivity of gaseous methane and sulfur hexafluoride was measured at temperatures from 25.00°C (298.15 K) to 100.00°C (373.15 K) under pressures up to 90 bar (9 MPa). The measurements were carried out in a vertical coaxial cylinder apparatus on a relative basis. The apparatus was calibrated using Ar, N2, Ne and CO2as the standard gases. The uncertainty of the thermal conductivity obtained is estimated to be within 2 % except in the critical region. The thermal conductivity of methane increases steadily with pressure and (dX/dT)p is positive throughout the range of experimental conditions. On the other hand, the thermal conductivity isotherms of sulfur hexafluoride intersect each other between 25 and 35 bar. (dX/dT)p is positive at low pressures and becomes negative at high pressures. The thermal conductivity of SF6 is found to increase steeply with pressure near the critical point, which may be due to the critical anomaly. The experimental results are analyzed and the thermal conductivities are expressed as functions of temperature and pressure and of density.
Introduction
Sulfur hexafluoride is a stable gaseous dielectric of great importance in the electrical industries since it has high dielectric strength and good arc-quenching properties.
Its symmetric, spherical shape and the presence of the six fluorine atoms make it of theoretical interest in the study of intermolecular forces. How- ever, there appears to be only one set of experimental data, presented by Lis et al.,10) on the thermal conductivity ofSF6 under high pressures. On the other hand, a survey of the literature has revealed that there exist comparatively abundant measurements for gaseous methane under pressure. Thus, the comparison of the data for methane with other investigators provides a meansof assessment of our instrument. Thepresent investigation was undertaken to provide accurate thermal conductivity data under pressure for methane and sulfur hexafluoride. Measurements have been carried out at temperatures from 25°to 100°C
under pressures up to 90 bar, employing a vertical coaxial cylinder apparatus. Empirical correlation formulas are also presented as functions of temperature and pressure or of density.
A cross-sectional view of the coaxial cylinder apparatus is shown in Fig. 1 . The thermal conductivity
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The sample fluid is introduced into the annular gap (8) of about 0.5 mmbetween the emitter (3) and the receiver (4). Electrical energy is supplied to a heater (1) made of constantan wire wound on a threaded bar of polytetrafluoroethylene.
The heat generated in the emitter (3) is transmitted radially outwards through the sample fluid layer to the receiver (4), and finally to the thermostat.
To minimize axial conduction, thermal insulators (6) are provided on both ends of the emitter.
Two sets of copper-constantan differ- ential thermocouples installed in the middle of the emitter and the receiver are used to measure the temperature difference across the fluid layer. The thermoelectromotive force is measured within ±0.05 juV by means of a digital nano-voltmeter, which corresponds to ±0.001 K of the temperature difference. The temperature of the cell is maintained constant in an oil thermostat controlled within ±0.01 K. The cell is connected to a conventional high-pressure system which includes a thermal compressor. The pressure is measured by a Bourdon tube gauge calibrated against a dead-weight gauge. The uncertainty of the pressure measurement is estimated to be within 0.5 %.
2 Sample fluids
Argon, nitrogen, neon, carbon dioxide and methane were obtained from commercial cylinders with a specification of minimum purity of 99.99%. Research-grade sample fluid of sulfur hexafluoride was supplied by Asahi Glass Co. Ltd., which reported a purity of 99.5%.
These gases were used without further purification. The calibration straight line is found to reproduce the thermal conductivity values with a mean deviation of 0.80%.
4 Convection and other possible sources of error
The criterion usually applied to judge the possible presence of convection is the values of the Rayleigh number, defined as follows :
The effect of convection can be neglected if the value of Ra is less than 1000 for a vertical concentric cylinder apparatus8\ In the present experimental conditions, where the physical properties appearing in Eq. (3) are available or estimated, the values of Ra have been calculated for the calibration gases and the sample fluids. It is found that the values ofRa calculated are less than 450 and the influence of convection should be negligible, excluding the critical region, in the case of SF6. Near the critical point, it is impossible to estimate the value of Ra because the physical property data are not obtainable, and therefore it is impossible to decide the existence of convective heat transfer. The thermal radiation across the sample fluid layer can be another source of error. However, its influence is seen to be small within the experimental error in this apparatus. The effect of pressure and temperature on the dimensions of this apparatus, such as the width of annular gap, should be also small in the present experimental condition and is taken into account completely by the cell calibration mentioned above.
5 Uncertainty of the experimental results
The numerical values of thermal conductivity obtained contain a definite uncertainty resulting from several sources of experimental error. not exceed 2%, excluding the critical region. The accuracy of the results, however, might be poorer by several percent than this value because the present measurement is relative. The experimental error would increase to a considerable extent near the critical point in the case of SF6, where there are no means to estimate the uncertainty.
Experimental Results and Discussion
The experimental results for methane and sulfur hexafluoride are presented in Tables 1 and 2, where Fig. 3 for comparison. As shown in Fig. 3 , the discrepancy amongthem is extraordinarily large for methane, one of the most important gases, that is, a maximumdeviation of about 7% is found between the highest values given by Le Neindre et al. 9 ) and the lowest ones by Carmichael et al2). However, a group atHighPressure (4) where X is the thermal conductivity in mW-m'^K"1, T the temperature in K and P the pressure in bar.
The empirical coefficients A^-are determined by the method of least squares and are given in Table 3 .
Equation (4) is found to reproduce the experimental data with a mean deviation of 0.18 % and a maximum of 0.54%, and should be the most reliable interpolation formula covering the entire range of these experimental conditions. Another simple correlation is found between residual thermal conductivity X-Xo and density p. It should be noted that all the experimental data lie approximately on a single curve in a diagram ofX-Xovs. p, independently of temperature. This correlation is represented by the following empirical equation :
X-X0= t *ipi (5) i=\ where p is the density in kg*dm~3. The empirical coefficients a* are also given in Table 3 . As Eq. (5) is able to reproduce the residual thermal conductivity with a mean deviation of 1.8 %, the thermal conductivity X could be calculated from Eq. (5) within a maximumdeviation of 0.5% in a range where the density is less than 0.067 kg-dm"3.
As the present experimental conditions are sufficiently far from the critical point of methane, 7^=190.55 K and Pc=46.04 bar, no special anomalous behavior of the thermal conductivity is observed. Although pressure is the more accessible experimental variable, it is clear that the use of density as an independent variable leads to a simpler representation of data such as Eq. (5).
2 Sulfur hexafluoride
The isothermal behavior of the thermal conductivity of SF6 is shown in Fig. 4 . The thermal conductivity increases steadily with increasing pressure at each temperature. As the effect of pressure on thermal conductivity is more markedat lower temperatures, the isotherms intersect each other at pressures between 25 and 35 bar. Thus, the temperature coefficient of thermal conductivity, (d2/dT)p is positive at low pressures and becomes negative at high pressures. The isotherms at 50°(7>=1.01) and 60°C (rr= 1.05) show a steep enhancementnear the critical pressure, Pc=37.59 bar, and have maximain the supercritical region. This may be mainly due to the critical anomaly of the thermal conductivity of SF6. However, it is partly ascribable to the occurrence of convective heat transfer in the critical region. The critical point is a center of anomalous behavior of many thermophysical properties. The critical enhancement of thermal conductivity is a well-known phenomenonfor a number of fluids, such as He7\ Ar1' , Xe20\ H215), CCV' ll' , SF610\ NH314), and H2O18). The critical anomaly is considered to be related to the disruption and association of clusters of molecules.
A more fundamental way of plotting the data is to treat the thermal conductivity as a function of temperature and density. The residual thermal conductivity X-Xq of SF6 is plotted as a function of density in Fig. 5 . Although the residual thermal conductivity at all the temperatures is expressed approximately as a single function of density below^=0.3 kg-dm"3, the same tendency as in the case of CH4 mentioned above, it becomesremarkably dependent on temperature as the density approaches the critical one. Thus, the estimation of thermal conductivity in the critical region requires the application of the scaling law and 
3=0 i=0
where X is presented in mW-m"1!"1, Tin K, P in bar and p in kg-dm"3. The coefficients Bi3-are given in Table 4 . Itis found that Eq. (6) (4)- (7) [-] Cp = heat capacity at constant pressure [kJ/kg à Literature Cited
